Objective: Uterine serous carcinoma (USC) is an aggressive type 2 endometrial cancer. Data on prognostic factors for patients with early-stage USC without adjuvant therapy are limited. This study aims to assess the baseline recurrence risk of early-stage USC patients without adjuvant treatment and to identify prognostic factors and patients who need adjuvant therapy. Methods: Sixty-eight patients with International Federation of Gynecology and Obstetrics (FIGO) stage I-II USC between 1997 and 2016 were included. All the cases did not undergo adjuvant treatment as institutional practice. Clinicopathological features, recurrence patterns, and survival outcomes were analyzed to determine prognostic factors. Results: FIGO stages IA, IB, and II were observed in 42, 7, and 19 cases, respectively. Median follow-up time was 60 months. Five-year disease-free survival (DFS) and overall survival (OS) rates for all cases were 73.9% and 78.0%, respectively. On multivariate analysis, cervical stromal involvement and positive pelvic cytology were significant predictors of DFS and OS, and ≥1/2 myometrial invasion was also a significant predictor of OS. Of 68 patients, 38 patients had no cervical stromal invasion or positive pelvic cytology and showed 88.8% 5-year DFS and 93.6% 5-year OS. Conclusion: Cervical stromal invasion and positive pelvic cytology are prognostic factors for stage I-II USC. Patients with stage IA or IB USC showing negative pelvic cytology may have an extremely favorable prognosis and need not receive any adjuvant therapies.
INTRODUCTION
Uterine serous carcinoma (USC) is a rare aggressive type 2 endometrial carcinoma [1] . It accounts for >39% of deaths attributed to endometrial carcinoma even though it represents <10% of all endometrial cancers [2] . The recurrence rate of USC is high, estimated to be 31%-80% even in its early stages (stage I-II) [3] . Recently, histological and genomic studies suggested that USC possibly shares aggressive behavioral and molecular characteristics with ovarian high-grade serous carcinoma or breast cancer with basal-like phenotype rather than endometrial endometrioid adenocarcinoma [4, 5] .
Frequent recurrences in USC have led to the induction of adjuvant treatment, including systemic chemotherapy or radiation therapy. However, treatment modalities for patients with early-stage USC who can benefit from adjuvant therapy remain controversial. Several retrospective studies have reported on the prognostic impact of adjuvant treatment [6] [7] [8] . Fader et al. [9] demonstrated that survival outcomes are significantly improved in patients who underwent platinum/taxane chemotherapy±radiation therapy compared with patients without adjuvant therapy or with radiation therapy alone. Conversely, van der Putten et al. [10] reported that adjuvant chemo-radiotherapy has no significant survival benefit for stage IB USC patients. Appropriate treatment modalities are unclear because there are early-stage USC patients with very favorable prognoses who should not receive adjuvant therapy.
Optimal patient selection for adjuvant treatment requires evaluation of baseline recurrence risk and prognostic factors for early-stage USC. However, identifying prognostic factors unaffected by adjuvant therapies is quite difficult because most USC patients receive adjuvant treatment in recent clinical practice. Reports on prognostic factors in USC patients without adjuvant therapy are limited. Furthermore, patients who did not undergo adjuvant therapies were reported to be older, had poor performance status or organ dysfunction, or refused treatment. Such selection bias presents challenges for detecting the true baseline recurrence risk and prognostic factors for early-stage USC patients. In this study, we retrospectively reviewed consecutive early-stage USC patients who did not undergo any adjuvant therapies. Adjuvant treatment as a standard clinical practice was not performed during the study period because solid evidence was lacking.
This study aims to assess the baseline recurrence risk in early-stage USC patients without adjuvant treatment and to identify prognostic factors in patients who are candidates for adjuvant therapy.
MATERIALS AND METHODS
Following approval from the Institutional Review Board of National Cancer Center, patients with histologically confirmed stage I and II (International Federation of Gynecology and Obstetrics [FIGO] 2008) USC from 1997 to 2016 were identified from the tumor registry database of our institution. For mixed cell carcinoma, diagnosis of USC was made when at least 5% serous carcinoma component in the tumor was observed [11] . Clinicopathological data were obtained by retrospective medical chart review.
Clinical follow-up in most cases consisted of vaginal examinations, Pap smear and chest X-rays every 3-6 months, and computed tomography (CT) of the chest/abdomen/pelvis every 6 months for the first 2 years. During the third and fourth follow-up years, patients underwent physical examinations and Pap smear twice and imaging examinations annually. After 5 years, patients still underwent vaginal examinations and Pap smears annually, and those suspected of recurrent USC underwent CT, magnetic resonance imaging, and histological examination.
Follow-up time and time to event was measured from the date of surgery to the last known visit or death. Disease-free survival (DFS) and overall survival (OS) were estimated according to the Kaplan-Meier product limit method and were compared using the log-rank test. Two or more recurrences were calculated from the date of the first relapse. 
RESULTS

Patients and treatment
Seventy patients with FIGO stage I and II USC without any adjuvant treatment were identified. Two patients were excluded (one died from choriocarcinoma and the other from breast cancer). A total of 68 patients who fulfilled the inclusion criteria were included in the final analysis. The clinicopathological features are summarized in Table 1 . The median age was 64 years (range 43-81 years). Sixty-two (91%) patients were post-menopausal, and the median body mass index was 31.1 (range 19.4-44.7).
In this study, the surgical staging procedure involved total hysterectomy and bilateral salpingooophorectomy. All the patients underwent abdominal hysterectomy and bilateral salpingooophorectomy. Pelvic lymph node sampling was performed in 48 (71%) patients, and paraaortic nodes were sampled in 3 patients. The number of removed lymph node ranged from 1 to 46 (median 15). Omentectomy was performed in 8 (12%) patients. Intraoperative peritoneal cytology was performed in 67 (99%) patients, of which 14 (21%) showed adenocarcinoma.
All specimens were reviewed by experienced gynecologic pathologists, and histological diagnoses were made according to the WHO classification criteria [11] . FIGO stages IA, IB, and II were observed in 42 (62%), 7 (10%), and 19 (28%) patients, respectively. Sixteen (24%) patients had diseases confined to the endometrium, and the depth of myometrial invasion was limited to the inner half in 54 (79%) patients. Lymphovascular space invasion (LVSI) was present in 48 (71%) cases.
Patients' outcomes
The median follow-up time was 60 months (range 8-214 months). Recurrences were observed in 18 (26%) cases, the median time to recurrence was 13.5 months (range 4-67 months). Clinicopathological features, treatment, and prognosis are summarized in Table 2 . Of the 18 patients, only 1 showed metachronous recurrences in the vagina and lung. Six patients had recurrences at multiple sites. Recurrences in the vagina, para-aortic nodes, and other distant sites were observed in 2, 2, and 7 cases, respectively.
Of the 2 isolated cases of para-aortic node relapses, one patient was salvaged through surgery and the other received systemic chemotherapy. Both patients survived without evidence of disease at 68 and 133 months from the primary surgery. The patient with metachronous recurrences in the vagina and lung underwent surgical resections for each lesion and showed no evidence of disease at 34 months from the last surgery. Two of the patients with vaginal recurrences were treated with radiation therapy, but expired due to the disease. All other patients with recurrences died of the disease after chemotherapy. The 5-year DFS and 5-year OS rates for all patients were 73.9% and 78.0%, respectively (Fig. 1) . The median DFS and OS were 59.0 (range 4-214 months) and 60.0 (range 8-214 months), respectively. Prognosis of early USC without adjuvant therapy Table 3) . Although ≥1/2 myometrial invasion (OS: HR=3.87; 95% CI=1.31-11.40; p=0.014) was also a prognostic factor for OS, it is not associated with DFS (HR=2.01; 95% CI=0.78-5.21; p=0.150).
Prognostic factors
Furthermore, we identified a subgroup of early-stage USC patients with extremely favorable prognosis who did not need adjuvant therapy. Of the 68 patients, 38 (56%) patients had no cervical stromal invasion or positive pelvic cytology. We classified these patients into the favorable-risk group. Twenty-nine (43%) patients had cervical stromal invasion and/or positive pelvic cytology and were classified as the high-risk group. The 5-year DFS rates for the favorable-risk and high-risk groups were 88.8% and 50.6%, respectively (p<0.001) (Fig. 2 and Table 4 ). The 5-year OS rates for the favorable-risk and high-risk groups were 93.6% and 62.6%, respectively (p<0.001). A statistically significant difference in the 5-year OS and DFS was found between the 2 groups.
Survival analyses of cases in each FIGO stage were also performed (Supplementary Fig. 1 50.6 62.6 DFS, disease-free survival; OS, overall survival; USC, uterine serous carcinoma. *Negative pelvic cytology and absence of cervical stromal invasion; † Positive pelvic cytology and/or presence of cervical stromal invasion.
disease (n=42), but not in stage IB (n=7) and II (n=19). However, the number of cases with stage IB and II disease were smaller and follow-up periods were shorter than those of stage IA disease.
DISCUSSION
In this study, we evaluated 68 early-stage USC patients without adjuvant treatment, determined their baseline recurrence risk, and identified the prognostic factors. We discriminated against patients with favorable prognoses who may not need adjuvant therapy.
The 5-year DFS and OS of the entire cohort of our study were similar to those previously reported. Most previous studies on USC were compromised by their relatively small sample sizes, short follow-up period, and selection bias for adjuvant therapy. Nevertheless, prior large-scale studies including USC patients with adjuvant therapy reported survival outcomes similar to those of our study. van der Putten et al.
[10] examined 127 patients with stage I USC and reported that the 5-year DFS was 69.8%. Creasman et al. [12] reported that the 5-year OS rates were 72% in 148 stage I USC patients, 66% in patients with surgery alone, and 74% in patients with adjuvant treatment. Hamilton et al. [13] showed that in patients with stage I and II USC, the 5-year OS rate was 74%. Hence, the 5-year DFS and OS of our cohort, despite the lack of adjuvant therapy, were comparable to those previously reported in early-stage USC patients with adjuvant treatment.
Omentectomy had no prognostic impact on early-stage USC in this study. Omentectomy was performed in 12% of patients only, and it was not associated with DFS and OS on multivariate analysis (DFS: HR=0.65; 95% CI=0.085-4.930; p=0.990; OS: HR=0; 95% CI=0).
Our findings suggest that in early-stage USC patients without adjuvant therapy, cervical stromal involvement, positive pelvic cytology, and lymph node sampling are significant predictors of DFS, and ≥1/2 myometrial invasion, cervical stromal involvement, positive pelvic cytology, and lymph node sampling are significantly associated with OS. However, we found considerable variation in the number and site of removed lymph nodes, which ranged from 1 to 46 (median 15). This quantitative and qualitative variation of lymph node sampling/ dissection made it difficult to interpret the results of comparisons between 2 simple categorical (lymph node sampling not done vs. done) groups. For USC patients with adjuvant therapy, positive pelvic cytology has been reported to be a prognostic factor. A previous retrospective study on 42 cases with type 2 endometrial cancer showed that FIGO stage III-IV and positive pelvic cytology are prognostic factors of recurrence and positive pelvic cytology is also associated with DFS especially in the early stages of the disease [14] . Moreover, a database study on 14,704 patients with early-stage endometrial cancer, including 1,153 with USC or clear cell carcinoma, showed that age, FIGO stage, and positive pelvic cytology are associated with DFS, and age and positive pelvic cytology are prognostic factors of survival [15] . "FIGO stage" in the study was synonymous with cervical stromal involvement and myometrial invasion in our study. These previously reported prognostic factors for patients with adjuvant therapy were also associated with DFS and OS in our study including only patients with early-stage USC without adjuvant therapy. Additionally, positive pelvic cytology was observed in 21% of patients in our study, which is comparable to previously reported studies. Previous studies on pelvic cytology in type 2 endometrial cancer have reported a positive rate of 17.5%-21.4% [14] [15] [16] .
The main aim of this study is to determine candidates and non-candidates for adjuvant therapy. Patients who have neither cervical stromal involvement nor positive pelvic cytology (i.e., those with stage I USC without positive pelvic cytology) have favorable DFS and OS compared with other patients with early-stage USC. Previous studies suggested that recurrence and survival outcomes are improved in stage I USC patients receiving adjuvant therapy. Fader et al. [9] evaluated 142 patients with stage I USC, and the 5-year DFS rates for patients with adjuvant chemotherapy±radiation therapy and those without adjuvant therapy were 81.5% and 64.7%, respectively. However, pelvic cytology was not considered in the report. The 5-year DFS and OS rates of stage I USC without positive pelvic cytology in our study were almost similar to those of patients with adjuvant therapy and those of patients with stage I type 1 endometrial cancer [17, 18] . Hence, adjuvant therapy in patients with stage I USC without positive pelvic cytology may not be necessary. Nevertheless, our findings need to be validated in another large-scale cohort study.
Furthermore, our findings also suggest another distinctive subgroup with an extremely favorable prognosis. Six pre-menopausal patients survived without recurrence at ≥58 months. Stage IA, IB, and II were observed in 1, 1, and 4 cases, respectively, which included patients with adverse prognostic factors, such as cervical stromal involvement or positive pelvic cytology. All of their tumors were located in the isthmus of the uterus. In patients who were menopausal for at least the previous 2 years, the tumors were localized in the uterine fundus or uterine body or occupied the entire area of the uterus. This observation suggests that USC located in the lower uterine segments may have a different mechanism of tumorigenesis and clinical behavior, especially in younger patients. Several recent studies showed the unique characteristics of tumors in the lower uterine segment. In the largest comparison study, patients with lower uterine segment tumors were significantly younger than those with uterine corpus tumors, and the median ages of onset were 54.2 and 62.9 years old, respectively [19] . Moreover, a large descriptive study reported that muscular invasion was deeper and the histology grade higher in 16 patients with low uterine segment tumors compared to patients with uterine corpus tumors. Nevertheless, no difference in the 10-year survival rate was noted [20] . Collectively, these observations along with our data suggest that serous carcinoma in the lower uterine segment may have distinct biological and clinicopathological features.
This study has several limitations. The sample size was relatively small and the study was retrospective in nature. However, obtaining large-scale data including detailed clinicopathological information and conducting relevant prospective studies appear quite challenging. Nevertheless, the size of our study cohort was sufficient for analyzing the prognostic factors that were independently associated with DFS and OS. Furthermore, our study is one of the largest studies of stage I and II USC without adjuvant therapy. In most previous reports on prognostic factors for early-stage USC patients, adjuvant treatment almost always influenced patients' prognosis and concealed the natural history or baseline recurrence risk of USC. Our study is free from bias in patient selection for adjuvant therapy and we provided the natural history of early-stage USC.
In conclusion, cervical stromal involvement and positive pelvic cytology are prognostic factors for early-stage USC patients. Prognosis of early USC without adjuvant therapy
